Numerous findings indicate alterations in brain serotonin systems in obsessive-compulsive disorder (OCD). We investigated the in vivo availability of thalamus-hypothalamus serotonin transporters (SERT) in patients with DSM-IV OCD who displayed prominent behavioral checking compulsions (OC-checkers). Four hours after injection of [
INTRODUCTION
Obsessive-compulsive disorder (OCD) is a clinically defined condition characterized by intrusive and distressing thoughts, images or impulses (obsessions), and by repetitive mental or behavioral acts (compulsions).
The past two decades have seen advances in neuropsychiatric research providing growing evidence supporting a neurobiological basis of OCD (Goodman et al, 1992; Hollander et al, 1992; Insel, 1992; Prichep et al, 1993; Saxena et al, 1998; Saxena and Rauch, 2000) . This is currently believed to involve a disturbance in frontocortical-subcortical neuroanatomical pathways, including the orbitofrontal cortex, the basal ganglia, and the thalamushypothalamus, and neurochemical abnormalities of central serotonergic functioning. The hypothesis of a serotonergic dysfunction in OCD has arisen mainly as an indirect conclusion based on neuropharmacologic studies supporting a high selectivity of drug response in OCD to serotonin reuptake inhibiting agents (Leonard et al, 1988; Goodman et al, 1990) . Radioligands used in neuroimaging techniques allow for the study of central neurotransmitter systems. [ 123 I]-2b-carbomethoxy-3b-(4-iodophenyl)tropane ([ 123 I]-b-CIT), a radiotracer with high affinity to monoamine transporters (Innis et al, 1991; Boja et al, 1992) , can be used to mark the central dopamine (DAT) and serotonin transporters (SERT) of the human brain in vivo with the aide of single photon emission computed tomography (SPECT) (Brücke et al, 1993; Kuikka et al, 1993; Pirker et al, 2000) . b-CIT accumulates in specific areas of the brain, these being primarily striatal, diencephalic, midbrain, and brainstem regions (Innis et al, 1991; Laruelle et al, 1993) . The density of DAT in the striatum is much higher than that of SERT. In vivo displacement studies in nonhuman primates have demonstrated that b-CIT uptake in the striatum consists predominantly of its binding to DAT (Laruelle et al, 1993) . b-CIT uptake in the remaining regions (thalamus, hypothalamus, midbrain, and pons) is believed to be mainly related to SERT availability as demonstrated by in vivo displacement and autoradiographic post-mortem studies (Laruelle et al, 1993; Staley et al, 1994; Pirker et al, 1995) .
Clinical studies in psychiatric research using b-CIT and SPECT have shown increased SERT availability in acutely abstinent cocaine-dependent patients (diencephalon and brainstem; Jacobsen et al, 2000) and in OCD patients (midbrain-pons; Pogarell et al, 2003) , whereas reduced SERT status has been revealed in patients with major depression (brainstem; Malison et al, 1998) , alcoholism (brainstem; Heinz et al, 1998b) , seasonal affective disorder (thalamus-hypothalamus; Willeit et al, 2000) , bulimia (thalamus-hypothalamus; Tauscher et al, 2001) , and OCD (midbrain-brainstem; Stengler-Wenzke et al, 2004) . Thus, the only two studies to ever demonstrate specific serotonergic abnormities in patients with OCD to date were, as previously mentioned, that of Pogarell et al (2003) , which showed a 25% increase in SERTs in the midbrain-pons area and that of Stengler-Wenzke et al (2004) , which revealed a significantly reduced SERT availability in the midbrain and brainstem.
The aim of the present study was to investigate serotonergic function in the thalamus-hypothalamus area in untreated OCD patients by measuring SERT availability with b-CIT SPECT.
As patients diagnosed with obsessive-compulsive disorder often represent a very heterogeneous group clinically, only OC-checkers were enrolled in this study in order to obtain as homogeneous a patient group as possible. These OC-checkers, who were medication-free and who were only included if they did not display any clinically relevant depressive symptomatology, were compared to a group of healthy control subjects.
PATIENTS AND METHODS

Subjects
The study population consisted of 24 non-depressed patients diagnosed with a DSM-IV 300.3 OCD (American Psychiatric Association, 1994), 11 female patients, 13 male patients, ranging in age from 19 to 57 years and 24 age-and gender-matched healthy control subjects ranging in age from 21 to 60 years. The mean age was 37.5711.8 years in the patient group and 36.0713.7 years in the healthy control group (Table 1 ). All OCD patients were OCcheckers, whose main OC symptomatology was required to consist of compulsive checking rituals. They were consecutively recruited from the specialized outpatient clinic for OCD of the Department of Psychiatry, University Hospital of Vienna. Both patients and controls were nonsmokers. Alcohol consumption was not allowed from 1 week before the day of the tracer injection until completion of the study.
Demographic and clinical information on the longitudinal course of illness, previous treatment attempts, and other psychiatric diagnoses were obtained using a semistructured clinical interview based on DSM-IV and by reviewing medical records and contacting previous psychiatrists directly. Patients with present or past substance abuse or present or past psychiatric diagnoses other than OCD were not included in the study. All patients were diagnosed by consensus of the authors using DSM-IV criteria for OCD and had displayed prominent behavioral checking compulsions for a duration of at least 2 years. All patients had been free of psychotropic agents for at least 6 months before the investigation. No patient had been treated with other somatic treatments (eg electroconvulsive therapy). Urine b-HCG tests were performed to exclude pregnancy in female subjects.
Further inclusion criteria were a score on the Yale-Brown Obsessive-Compulsive Scale (Y-BOCS) (Goodman et al, 1989a, b) of at least 16 and a maximum Hamilton Depression Scale score of 13 (HAMD 17 ) (Hamilton, 1960) . OCD patients with a main OC symptomatology other than compulsive checking rituals or with depressive symptomatology were excluded from the study.
The rating scales were administered immediately before SPECT imaging and yielded mean Y-BOCS scores of 25.175.0 (range 16-35) and mean HAMD 17 scores of 6.473.02. The mean age at onset of obsessive-compulsive symptoms, as reported by the patients, was 21.878.8 years and the mean duration of illness 15.6711.1 years ( Table 1) .
The 24 age-and gender-matched healthy volunteers, who had not received psychotropic medication within the previous year, served as the control group. These control b-CIT SPECT in obsessive-compulsive checkers W Zitterl et al subjects were without past or present neurological or psychiatric disorder, and had no history of neurological or psychiatric disorders in their first-degree relatives, according to SCID-1/NP (Structured Clinical Interview for DSM-IV, Non-patient Edition; First et al, 1996) . The study was approved by the local ethics committee. Written informed consent for participation in this study was obtained from each subject after the procedure had been fully explained by the research physicians of both the Department of Psychiatry and the Department of Nuclear Medicine.
SPECT Imaging and Data Analysis
[ 123 I]-b-CIT was synthesized according to the method of Neumeyer et al (1991) with several modifications described earlier (Brücke et al, 1993) . After blockade of thyroid uptake with 600 mg sodium perchlorate orally 30 min before tracer application, subjects received a mean dose of 131 MBq (717 SD; 3.5 mCi70.4 SD) [
123 I]-b-CIT intravenously as a single bolus. The SPECT studies were performed 4 h after tracer injection using a triple-headed rotating scintillation camera (Siemens Multispect 3, Knoxville, TN, USA) with a resolution of 9 mm full-width at half-maximum in the transaxial plane. Camera heads were equipped with medium energy collimators. The subject's head was placed in the head holder by means of a laser beam system with the infraorbitomeatal plane aligned perpendicular to the rotational axis. A chin-strap device was used to minimize movement of the head during the scan. Data acquisition and analysis were performed using the ICON software package for the Siemens Multispect 3 camera. For each scan, a total of 180 frames were collected in a step and shoot mode. SPECT imaging lasted for 20 min (20 s per frame).
Cross-sections (3.5 mm thick), oriented parallel to the canthomeatal plane, were reconstructed by filtered back projection (Butterworth filter, cutoff frequency 0.7, order 7) in 128 Â 128 matrices. Attenuation correction was performed assuming uniform attenuation within an ellipse drawn around the head contour (attenuation coefficient ¼ 0.120/cm). Circular regions of interest (ROIs) were placed in a midline area corresponding to the thalamus and hypothalamus (size: 32 voxels each; voxel size 3.5 Â 3.5 Â 3.5 mm 3 ) on 5-6 consecutive axial sections ( Figure 1 ). Irregular ROIs were drawn in areas corresponding to the left and right cerebellar hemisphere (60 voxels each). All ROIs were drawn with the help of a brain atlas (Talairach and Tournoux, 1988) by one and the same examiner, who was blind to the clinical status of the subjects. Values of the four circular midline ROIs with the highest count rate (usually from one slice below the maximum of striatal binding downwards; area corresponding to thalamus and hypothalamus) were pooled together to form a 'thalamus-hypothalamus' region (constant volume of interest 5.5 cm 3 ) and the average counts/voxel were calculated. Values of both cerebellar ROIs in three consecutive axial slices of maximal cerebellar activity were averaged. Cerebellar activity was assumed to represent nonspecific bound and free activity because it is known that the density of DATs and SERTs in the cerebellum is very low (Bäckström et al, 1989; De Keyser et al, 1989) .
Ratios between mean counts in the target region (thalamus and hypothalamus) and the cerebellum were calculated. This ratio minus 1 (region/cerebellumÀ1), also denoted as V 00 3 or BP2, represents specific/non-displaceable binding and is assumed to be directly related to the binding potential at the time of equilibrium (Mintun et al, 1984; Laruelle et al, 1994; Malison et al, 1998) .
Statistical Analysis
Descriptive analyses of clinical and SPECT variables were given as means and SD. t-Tests were used to compare statistical differences between OCD patients and control subjects regarding mean age and regional [ ]-b-CIT binding and markers for the severity of OCD such as Y-BOCS scores, duration of illness, age at onset, and age. As a control for the effects of age, gender, age at onset of OCD, duration of illness, and severity of illness, a multiple linear regression analysis was performed with thalamus-hypothalamus b-CIT binding ratios as dependent variable and age, gender, age at onset, duration of illness, and severity as independent variables. Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS version 12.0.0 for Microsoft Windows, SPSS Inc., Chicago, IL). The po0.05 level was considered statistically significant.
RESULTS
Patients and age-and gender-matched healthy controls did not differ significantly in mean age (37.5711.8 vs 36.0713.7; p ¼ 0.70). The median of age was 35.0 in the patient group and 32.5 in the healthy controls, respectively. Using a non-parametric test age was likewise equally distributed in patient and control groups (z ¼ À0.506; p ¼ 0.61; Mann-Whitney U-test).
Single photon emission computed tomography investigations performed 4 h after injection of [
123 I]-b-CIT revealed that its uptake in the brain was significantly reduced (by 18%) in the thalamus-hypothalamus of OC-checkers, as There were no substantial differences between women and men within the patient group with regard to age, age at onset, duration of illness, Y-BOCS scores, or b-CIT binding ratios (Table 1) . Likewise, the women and men of the healthy control group did not differ substantially in age or b-CIT ratios (Table 1) .
Correlation analyses of imaging and clinical data within the patient group showed a significant negative association between thalamus-hypothalamus b-CIT binding and obsessive-compulsive scores as assessed by Y-BOCS (r ¼ À0.80; po0.001***) (Figure 3 ). Age and age at onset did not correlate significantly to the b-CIT ratios (r ¼ 0.22; p ¼ 0.30 and r ¼ À0.20; p ¼ 0.34, respectively).
However, we found a significant positive correlation between SERT availability in the thalamus-hypothalamus and duration of illness (r ¼ 0.43; p ¼ 0.048*) (Figure 4) .
As multiple factors (severity of illness, duration of illness) seem to interfere with the SPECT measure, a multiple linear regression analysis was applied to assess the contribution of each independent variable (subject's age, gender, age at onset of OCD, OCD duration, and severity of illness) to b-CIT binding ratios. This multivariate statistical model showed that both the severity of illness and the duration of illness had significant impact on b-CIT binding (B ¼ À0.03070.005; t ¼ À6.185; po0.001 and B ¼ 0.0067 0.002; t ¼ 2.424; po0.05 respectively); the other variables were not significant.
Within the control group there was no significant correlation between age and thalamus-hypothalamus b-CIT binding (r ¼ À0.38; p ¼ 0.12).
DISCUSSION
The major finding of our study was a significant reduction (18%) in SERT availability in the thalamus-hypothalamus region in 24 OCD patients as compared to 24 age-and gender-matched healthy control subjects.
To the authors' knowledge, there have been four studies investigating SERT availability in OCD patients published up to now: one PET study and three b-CIT SPECT studies. These previous studies produced conflicting results: Simpson et al (2003) performed a PET study on 11 patients and 11 matched healthy subjects using the selective SERT ligand [ Differences in methodology and patient sampling make a direct comparison of these studies difficult. Sample sizes were considerably smaller than in the present study. All previous studies included heterogeneous groups of OCD patients reducing the chance of finding abnormalities related to a particular subtype of OCD, for example, with predominant compulsions. Moreover, there were considerable differences in severity of OCD in the patient groups as well. Only van der Wee et al (2004) (2003) also included OCD patients with comorbid depressive symptomatology. It is known that depression influences the SERT status (Malison et al, 1998; Willeit et al, 2000) . The studies also varied as to their control subjects. Only in the investigations of Simpson et al (2003) , van der Wee et al (2004) , and in our study were the groups matched for age and gender. Pogarell et al (2003) chose the occipital cortex as reference region, whereas van der Wee et al (2004), Stengler-Wenzke et al (2004) , and our study used the cerebellum. Our choice was based on the fact that SERT binding was detectable in the occipital cortex but not in the cerebellum (Bäckström et al, 1989) . Van der Wee et al (2004) revealed significantly increased striatal dopamin transporter availability in OCD. DAT binding in the substantia nigra contributes to midbrain b-CIT binding (Staley et al, 1994) and may thus confound SERT measurement in this region.
Another technical difference between the studies is the different SPECT acquisition times. SPECT imaging was performed 24 h after injection of b-CIT in the studies by Pogarell et al (2003) and Stengler-Wenzke et al (2004) and 4 h post-injection by van der Wee et al (2004) and in the study at hand. Kinetic studies of b-CIT uptake in SERT-rich brain areas showed a peak in tracer uptake in the thalamushypothalamus at 4 h post-injection, followed by stable uptake up to 10 h, and a slow decrease up to 24 h postinjection. Owing to a concomitant slow but steady decline in uptake in the cerebellum from 4 h on, a higher stability of binding ratios in SERT-rich brain areas was observed on day 2, suggesting that a state of true equilibrium is reached between 20 and 24 h . This suggests that SPECT imaging of SERTs with b-CIT should ideally be performed during this time period. However, conditions are close to true equilibrium between 4 and 10 h postinjection.
Pirker et al (1995) compared b-CIT binding in the thalamus-hypothalamus area in depressed patients treated with the SSRI citalopram with a group of control subjects of comparable age and were able to demonstrate a highly significant binding reduction in patients on citalopram. The binding reduction of b-CIT in the thalamus-hypothalamus area in patients treated with citalopram was virtually the same at 4 and at 20 h postinjection (ratios (thalamusÀhypothalamus/cerebellum)À1: À47 vs À45%, respectively) (Pirker et al, 1995) , suggesting that both time points are feasible for the measurement of SERTs with [
For a long time there has been experimental data supporting the hypothesis that serotonin plays a special role in OCD (Zohar et al, 1987 (Zohar et al, , 2004 Goodman et al, 1992) . Disturbances of neurotransmitter modulation seem to be relevant in OCD (Baumgarten and Grozdanovic, 1998) because of the clinical efficacy of drugs that act on serotonin re-uptake sites (for a review, see Cartwright and Hollander, 1998) .
The significant reduction of b-CIT binding in our investigation was in line with earlier studies in psychiatric disorders with suspected serotonergic dysfunction (eg major depression, seasonal affective disorder, bulimia), which showed a decrease in SERT availability (Malison et al, 1998; Willeit et al, 2000; Tauscher et al, 2001) . The reduced SERT availability in our OCD patients (checking subtype) may reflect a low serotonin tone and is consistent with the serotonin hypothesis of OCD. However, it remains unclear whether the reduced binding of [
123 I]-b-CIT in this SERT-rich brain region represents a genuine reduction of serotonergic neurons that may result in low serotonin levels, or represents a reduced availability of intact serotonin binding sites for the radiotracer owing to an increased level of synaptic serotonin. We hold the latter for improbable owing to the mode of action of SSRIs, which enhance synaptic serotonin levels. It might be speculated, however, that transporter availability is closely correlated with the affinity of re-uptake sites for transporter-binding drugs. As this feature would permit the use of [ 123 I]-b-CIT SPECT for monitoring therapeutic response, it would be valuable to further explore this possibility.
Interestingly, Pogarell et al (2003) found an elevated SERT availability in midbrainFpons of OCD patients (mixed subtypes), which was interpreted as an increased SERT number with higher capacity or an increased binding of the radiopharmaceutical to SERT owing to lower endogenous serotonin levels. On the basis of our data, it seems more likely that downregulation of SERT evolves to preserve a high tone of intrasynaptic serotonin as it is effectively targeted in SSRI treatments.
Recent investigations found that different subtypes of OCD resulted in variations in therapy outcome. Severity of OC symptomatology and duration of illness are also linked with therapy outcome (Mataix-Cols et al, 1999; Shetti et al, 2005; Storch et al, 2006) . Both the severity and the duration of illness had significant impact on b-CIT binding in our study. Thus, it is conceivable that owing to the correlations with severity and duration of illness, b-CIT binding could be identified as a predictor for the course of illness. Further studies are necessary to investigate this.
In our investigation we found a significant negative correlation between the severity of OC-symptomatology (Y-BOCS scores) and b-CIT binding. This indicates that patients with a more pronounced severity of OC symptomatology will show more significantly reduced SERT availability. This result is in agreement with a b-CIT SPECT study in patients with Tourette's syndrome (TS), a disorder characterized by chronic tics often accompanied by obsessive-compulsive symptoms (OCD-spectrum disorder). Heinz et al (1998a) found a significant negative correlation between midbrain b-CIT binding and vocal tic severity in these patients. Correlations between b-CIT ratios and OCD severity (Y-BOCS scores) were also calculated in all previously mentioned b-CIT OCD studies. However, no significant correlations were found in any of these investigations. Again one must keep in mind that these negative results are most likely dependent upon the heterogeneity of the OCD patients, because not only our study with a homogeneous subtype but also that of Heinz et al (1998a) in TS patients showed significant correlations.
Another finding of our study was that we observed a significant association between duration of illness and b-CIT binding. Those patients with a shorter duration of illness displayed the most markedly reduced thalamichypothalamic SERT availability. An explanation for this finding could be that reduced b-CIT binding is a marker of illness that disappears substantially in the course of disease owing to adaptive processes or therapeutic interventions (eg treatment with cognitive-behavior therapy (CBT) or pharmacological treatment). As [ Several assumptions form the basis for attempting to measure SERT availability with [
123 I]-b-CIT and SPECT. First of all, the ligand must be selective for those transporters. In vivo and in vitro studies showed that the thalamus-hypothalamus contains negligible amounts of dopamine transporters (Laruelle et al, 1993; Staley et al, 1994) . In addition to binding to SERT and DAT, b-CIT has a relatively high affinity for norepinephrine transporters (NET). Autoradiography studies in the rat showed high densities of NET in the thalamus and hypothalamus, locus coeruleus, and other brain stem nuclei (Tejani-Butt, 1992) . In a PET study in non-human primates, 50% of b-CIT binding in the thalamus was able to be displaced by the SERT ligand, citalopram. A displacement of approximately 50% of b-CIT binding in this area was also observed with the non-selective NET ligands desipramine and mazindol, indicating that thalamic uptake represents binding to both SERTs and NETs (Farde et al, 1994) . However, in another in vivo displacement study in primates, citalopram markedly reduced b-CIT uptake in midline regions whereas the selective norepinephrine uptake inhibitor maprotiline had no affect on brain b-CIT uptake (Laruelle et al, 1993) . In line with this result, in an autoradiographic study of the post-mortem human brain, b-CIT binding in the thalamus and hypothalamus was able to be completely displaced by citalopram, indicating that b-CIT binding in these areas is almost exclusive to SERT (Staley et al, 1994) . In contrast to previous findings of high thalamic NET density in rat brain, an autoradiographic study in the cat found only weak labeling of all but one small thalamic subnuclei with the NET-selective ligand nisoxetine (Charnay et al, 1995) , suggesting that some of the inconsistencies regarding the displacement of thalamic b-CIT binding in the literature may be owing to interspecies differences in NET density. As a matter of fact, a recent autoradiographic study in the human brain using the selective NET ligand (S,S)-[ 18 F]FMeNER-D2 failed to detect specific binding in the thalamus (Schou et al, 2005) . In summary, data on the contribution of NET binding to the b-CIT signal in the thalamus are inconsistent, whereas evidence clearly suggests that the major part of the signal in this area represents SERT binding. Changes in NET availability may have contributed to our observation of thalamic-hypothalamic b-CIT binding in OCD. However, evidence favours alterations in SERT availability as the explanation for our observations.
The reduced SERT availability observed in our patient group most likely indicates a reduced density of SERT in the thalamus-hypothalamus region. An alternative explanation would be increased SERT occupancy by elevated levels of synaptic serotonin in our target region. However, there is no clear evidence for altered synaptic serotonin levels in untreated OCD and the response to SSRIs in this disorder is rather suggestive of decreased than increased serotonin levels. Moreover, acute tryptophan depletion failed to worsen OCD symptoms in treated as well as in untreated OCD patients (Barr et al, 1994; Berney et al, 2006) . Thus, we think that increased SERT occupancy by elevated synaptic serotonin is an unlikely explanation for the overall reduced SERT availability in our OCD group. However, a comparison between b-CIT with findings from McN-or DASB-PET using ligands which are not displaceable by synaptic serotonin will further clarify this issue in the future.
To our knowledge, ours is the first study to suggest a significant reduction in thalamic-hypothalamic SERT availability in OC-checkers as measured with [ 123 I]-b-CIT SPECT. Reduced SERT availability, especially in the thalamus-hypothalamus, is of particular interest for future research investigating the specific pathophysiology of OCD. Owing to our results one must consider whether this is of etiological importance in the pathogenesis of OCD or whether it may be related to adaptive or compensatory regulation processes or whether it is an unrelated epiphenomenon of different etiology. Future research may aide in clarifying the processes involved in the in vivo regulation of SERT availability in OCD.
